A direct relationship has been shown between the maximum cell concentration and aeration efficiency with aerobic microorganisms (Maxon and Johnson, 1953; Smith and Johnson, 1954) . Since the antibiotic titer generally varies directly with the weight of mycelium in streptomycete fermentations, it is imperative to define the dependence of antibiotic and mycelial syntheses on the aeration efficiency in the particular fermentation under study. Relationships amonig novobiocin synthesis, mycelial production, and aeration lev,el in shake flask fermentations have been investigated and the results are presented in this publicationi.
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In a previous report (Smith, 1956) , it was showvn that aeration was probably not a limiting factor in the novrobiocin fermentation under certain shake flask conditions. It has since been observed that the addition of various nitrogenous materials to a distillers' solubles medium depresses novobiocin synthesis. This depression appears to be due in part to an induced oxygen deficiency, as described in this publication. A simplified ultraviolet (UV) assay procedure for novobiocin is also presented.
MATERIALS AND METHODS
Two experimental procedures were used to vary the effective aeration level: (a) serially diluted media and (b) indented shake flasks (Smith and Johnson, 1954; Dion et al., 1954) . In the first procedure, the culture was grown in full, half, or quarter strength medium at a given aeration efficiency in unbaffled shake flasks, resulting in available oxygen to mycelium ratios of approximately 1, 2, and 4. By this procedure, traumatic effects of baffled shake flasks were obviated.
All fermentations were conducted in 500-ml Erlenmeyer flasks containing 100 ml of medium, incubated at 28 C on a Gump' rotary shaker (230 rpm). Vegetative seed was grown in a medium containing Cerelose (glucose monohydrate) and Egg Peptone,2 both at 25 g per L. The seeding rate was 3 to 5 ml per 100-ml shake flask. Streptomyces ni?eus strains 15R anid BC-333 were used for this work. Strain 15R was used in all experiments unless noted otherwise in the text.
Sugar was determined by a modification of the anthrone procedure (Morris, 1948 Smith ct al. (1958) . These data show that the simple UN' assay for novobiocin is reproducible and accurate. It was used in all studies reported in this publicationi.
RESULTS
Norobiocin synthesis in diluted medium. In a previous publication (Smith, 1956 ), a medium conltaininig Cerelose, 28 g per L, and distillers' solubles, 40 g per L, was showni to be optimal for the novobiocin fermentation.
AERATION AND NOVOBIOCIN FERMENTATION
The effect of varyiing the oxygen to mycelium ratio in this medium was investigated by growing S. niveus in media of full strength, 1:2 and 1:4 dilutions at a constant aeration efficiency (sulfite oxidation number = 0.3 mm 02 per L-min). Since the concenitration of mycelium depended upon the medium concentration (figure 1), the ratio of oxygen available per g of mycelium was approximately 2-and 4-fold greater in the diluted media than in the control (undiluted). The rates of mycelium and novobiocin production under these conditions are shown in figure 1. The production of novobiocin was directly proportional to the synthesis of mycelium.
The efficiency of novobiocin production under these conditions is presented in table 1. These data show that essentially no increase in the efficiency of novobiocin production occurred over a 4-fold increase in the oxygen to mycelium ratio.
Novobiocin synthesis in indented shake flasks. Available oxygen in a shake flask fermentation vessel can be increased by indenting the sides of the flask (Smith and Johnson, 1954; Dion et al., 1954) . With a medium containing Cerelose, 28 g per L, and distillers solubles, 40 g per L, the novobiocin fermentation course in an indented shake flask ( 3 ). In the medium containing 40 g per L Cerelose and 40 g per L distillers' solubles, novobiocin production was inhibited at the lower aeration level (figure 2), but returned to normal in the indented flask (figure 3). Increasing aeration did not markedly affect the mycelial dry weight in these media (table 2). It should be noted that the dry weight determination included residual distillers' solubles.
Inspection of figures 2 and 3 shows that substrates furnished by the distillers solubles were used in preference to glucose by S. niveus since the rate of sugar utilization was retarded for 24 to 48 hr in all three media, although growth was luxurious within 24 hr. A very marked difference in rate of productionl and maximum titer of novobiocin in medium 3 is obvious. Inspection of table 2 shows that the weight of mycelium was greater in medium 3 than in media 1 or 2 (uncorrected for residual distillers solubles). Perhaps increased cell density and a higher level of readily oxidizable metabolites caused a relative oxygen deficiency which resulted in decreased novobiocin synthesis.
Effect of nitrogen source and aeration on novobiocin and mycelium synthesis. The effects of various nitrogen sources on growth and novobiocin production were investigated, and the results are shown in table 3 (mycelial growth was estimated by turbidimetric measurement). The addition of nitrogenous materials to 40 g per L of distillers' solubles (basal 1) inhibited novobiocin production as reported previously (Smith, 1956 ). On the contrary, the same nitrogen sources (with the exception of soy protein) had no adverse effect or stimulated novobiocin production when added to media containing 20 g per L of distillers' solubles (basal 2). The turbidity changes in these media are particularly interesting. Optical density increased when nitrogen sources were added to basal 1 or 2, which indicated increased synthesis of mycelium (table 3) . It should be noted that the optical density of basal 2 plus supplements approached that of basal 1 minus supplements, but was always lower. These data suggest that the inihibition of novobiocin production by the nitrogen sources added to basal 1 ( Reversal experiments did not substantiate completely the hypothesis of an induced oxygen deficiency. However, it must be remembered that an indented shake flask may result in injury to filamentous organisms when they strike the baffles as has been described previously (Dion et al., 1954; Vondrackova, 1957) . With certain strains of S. niveus, the use of an indented shake flask actually decreased novobiocin production in the rnedia investigated (table 4) These data can be interpreted as the result of an induced oxygen deficiency caused by stimulating (a) mycelial synthesis and (b) oxygen uptake by furnishing preferred substrates. Experiments designed to demonstrate reversal of the oxygen deficiency by inereased aeration were only partly successful when available oxygen was increased by indenting the shake flask, which inhibited novobiocin synthesis with some strains of S. niveus. The inhibition of penicillin synthesis under conditions of high agitation has also been described (Dion et al., 1954; Vondrackova, 1957) . In inedia containing distillers' solubles, 40 g per L, and Cerelose, 28 g per L, the efficiency of novobiocin production was shown not to be influenced by the aeration level in unindented shake flasks, since there was no change in efficiency of synthesis upon serial dilution of the medium. The use of uninidented shake flasks with nitrogenrich media and an oxygen-enriched gas phase might provide more definitive answers to the question of an induced oxygen deficiency. 
